Abstract To analyse inner-and inter-annual changes, disaster events of 55 countries in Africa from 1990 to 2014 recorded in the International Disaster Database (EM-DAT) were recounted by year and month and were reorganised in five different regions. Thematic maps of flood disasters in Africa between 1990 and 2014 were drawn using ArcGIS 9.3 to research the spatial distribution patterns of average annual flood frequency, total deaths, total affected, and damage. There were eight natural and socio-economic indicators chosen to explore the main factors influencing the spatio-temporal distribution of flood disasters in Africa, including precipitation, ENSO, runoff, forest coverage rate, reservoir capacity, per capita GDP, population, and urbanisation rate. Studies show that seasonal changes of flood disasters in various regions of Africa, except North Africa, are closely related to precipitation. Annual flood frequencies, from 1990 to 2014, showed a fluctuating upward trend and were in good agreement with ENSO years. In terms of spatial distributions, Ethiopia, Kenya, Somalia, Tanzania in eastern Africa, Nigeria in western Africa, and Libya, and Sudan in northern Arica are flood-prone countries, and main factors influencing spatial disparities include runoff, per capita GDP, population, and urbanisation rate.
Introduction
Flood disaster is one of the most serious natural disasters and is mainly due to natural environmental causes, including characteristics of climate, hydrology and vegetation, and human activities, such as vegetation destruction, reclaiming land from lakes, occupation of river and flood diversion zones in flood-prone areas. Climate anomalies, such as climate warming and precipitation inter-annual variability, and human activities may affect hydrological processes and worldwide allocation patterns of water resources and then induce changes in flood frequency and intensity (Jiang et al. 2006; Kabanda and Palamuleni 2013; Veijalainen et al. 2010; Vormoor et al. 2014) . Flood disasters exhibit obvious inner-annual changes because of seasonal changes in precipitation and river flow (He et al. 2009 ). When precipitation increases, river water levels will rise: this can lead to flooding. Global scale influences such as the El Niño and La Niña phenomena may lead to irregular inter-annual variability of flood disasters in Africa. Regional disparities in flood disasters are affected by climate, hydrology, land cover, economy, and population in different countries. In 2009, the Global Assessment Report on Disaster Risk Reduction pointed out that the distribution of global disaster risk was very uneven, and there was a close link between the disaster risk and poverty, which meant that disaster deaths and reconstruction of infrastructure and facilities were mainly taking place in poor countries (UNISDR 2009) .
Statistical data from the international disaster database, EM-DAT, indicate that natural disasters in Africa are various, mainly including droughts, floods, and epidemics: there is a significant correlation between flooding and epidemics of infectious diseases (Milly et al. 2002) . The direct harm of flood disasters to human health lies in their causing casualties, while indirect harms include changes in the ecological environment, causing migration and expansion of natural foci, which may cause outbreaks of infectious diseases. This research selected the highest frequency natural disasters in Africa, floods, as its research object, revealing their temporal and spatial variations. Besides, there were several related natural and socio-economic indicators selected for quantitative analysis of these factors and how they affected the spatial and temporal patterns of flood disasters, including precipitation, ENSO, runoff, forest coverage, reservoir capacity, population, per capita GDP, and urbanisation rate. Study results may provide basis and guidance for research into disaster control, control of epidemics of infectious diseases, and medical assistance thereafter, in Africa.
Data and methods

Data resources
Due to no data or lack data in the Sahrawi Arab Democratic Republic (West Sahara) and Republic of South Sudan, the study areas concern 55 countries in Africa, including 49 continental countries and 6 island countries. Republic of South Sudan was independence as a country in July 2011, so we studied South Sudan and Sudan together in this paper.
The numbers of flood disasters by month and year as well as deaths, people affected, and total losses in African countries from 1990 to 2014 were selected from the international disaster database, EM-DAT, managed by the Centre for Disaster Epidemiological Studies of the University of Leuven, Belgium. Oceanic Niño Index (ONI) and Southern Oscillation Index (SOI) data from 1990 to 2014 come from the National Oceanic and Atmospheric Administration (NOAA). Average monthly precipitation and annual runoff in African countries were extracted from raster data obtained from Research Program on Climate Change, Agriculture and Food Security (CCAFS) and World Water Assessment Programme (WWAP), respectively. Forest coverage rate and reservoir capacity during 1990 and 2014 were obtained from the human-earth system subject database in China and statistical databases of the Food and Agricultural Organization of the United Nations (FAOSTAT), respectively. Other socio-economic data, including population, per capita GDP, and urbanisation rate, come from the World Bank Database.
Statistical methods
According to the natural disaster records in the EM-DAT database, this research established a spatio-temporal database of flood disasters in Africa from 1990 to 2014 and preprocessed data and drew charts using Origin 8.5 and MS-Excel TM 2007 to analyse withinyear and inter-annual variations in flood disasters. Besides, the linear fitting model in the Origin 8.5 software was used to analyse the time series variation trend of flood disaster frequencies. Secondly, spatial patterns of flood disaster elements, including frequency, death, influenced people and losses, were analysed using ArcGIS 9.3 software by the Natural Breaks classification method. Lastly, to explore the main factors influencing the temporal and spatial distributions of flood disasters in African countries, Pearson correlation analysis was chosen to research relationships between flood disasters and the selected indicators as mentioned above.
3 Results and discussion 3.1 Temporal change and influencing factors analysis of flood disasters
Within-year changes and influence factors
The monthly frequencies of flood disasters are consistent with annual variations in precipitation, which may be the main factor affecting flood disaster occurrences by month in different regions of Africa. Flood disasters are concentrated in August in Africa on the whole and are evenly distributed in other months. Northern and eastern Africa are mainly located within the Nile basin, and floods are mainly found in 8-10 months therein. The two rainy seasons in most of East Africa, respectively, from March to May and from September to November mean that there are two other peaks for flood disasters in April and October, but not in August. Flood occurrences in Burundi, Djibouti, and Rwanda peaked in April, and the peaks of floods in Kenya appear in April and October, separately. The spatial distributions of temperature and precipitation are uneven in Ethiopia due to large altitude variations, and the longer rainy season runs from June to September, while the shorter one runs from February to May. So flood disasters are more common in August and April in Ethiopia, leading to the emergence of a peak in August in East Africa. Southern Africa's major rivers are the Zambezi and Orange, most of which lie in a tropical steppe climate with clear wet and dry seasons. The monthly dynamic trend in flood disasters is consistent with precipitation and is mainly concentrated in 12-3 month periods. The southern part of western Africa has a tropical rain forest climate, and the northern part has a tropical steppe climate, where the rainy wet season coincides with a hot summer. Floods are mainly concentrated in June to September, when the precipitations and the flows are greater. Central Africa lies mainly in the Congo River Basin with its mostly tropical rain forest climate: flood disasters are more common in August to October with abundant rainfall therein (Fig. 1) .
Inter-annual changes and influencing factors
Floods have occurred 744 times during 1990-2014, including 369 times in which deaths occurred (accounting for half of the total). Figure 2 illustrates that the occurrences of flood disasters in Africa as a whole, and its various regions, had a fluctuating upward trend from 1990 to 2014, and the coefficients of variation (CV) were 0.56, 0.73, 0.69, 0.71, and 0.68 in North, East, Southern, West, and Central Africa, respectively. This indicated that the annual variation was greatest in West Africa and least in North Africa. The red lines represent linear fitting results of flood disaster frequencies in different regions: the slopes were 0.115, 0.438, 0.496, 0.152, and 0.354, respectively, also indicating that flood disasters increased the fastest in West Africa. The El Niño/Southern Oscillation dynamic (ENSO) is the strong signal of global climate anomalies, so the El Niño/La Niña years and Southern Oscillation Index were selected to analyse the impact of climate anomalies on inter-annual variability of flood disaster occurrences. According to the standard developed by ENSO monitoring groups, Oceanic Niño Index (ONI) data provided by the US National Oceanic and Atmospheric Administration and a literature search, there are six El Niño years (1991, 1992, 1997, 2002, 2004, and 2009 ) and six La Niña years (1998, 1999, 2000, 2008, 2010, and 2011) during 1990-2014 . Prior studies showed that although the relationship between ENSO and precipitation is nonlinear, global land annual precipitation is less offset in most El Niño years, while it is more offset in La Niña years (Meque and Abiodun 2014; Sasaki et al. 2015; Tang and Yuan 2010) . Annual frequencies of flood disasters showed several peaks in 1996-2000, 2006-2008, and 2010-2012 . Although peaks did not strictly correspond to changes in El Niño and La Niña years, the time periods were in good agreement.
The Southern Oscillation is the atmospheric component of El Niño and is an oscillation in surface air pressure between the tropical eastern and the western Pacific Ocean waters. The strength of the Southern Oscillation is measured by using the Southern Oscillation Index (SOI) as computed from fluctuations in the surface air pressure difference between Tahiti (Pacific Ocean) and Darwin, Australia (on the Timor Sea, Indian Ocean) (Bureau of Meteorolo 2002). The inter-annual variation of SOI is opposite to that of the ONI, that is, when there is a low SOI, an abnormal increase in sea temperature in the eastern equatorial Pacific accompanies it and an El Niño event may ensue. Correlation coefficients (Table 1) indicate that annual frequencies of flood disaster during 1990-2014 in Africa, and its regions, are positively correlated with SOI. Correlation coefficients are significant at the 0.01 level in Africa as a whole, Southern Africa, and West Africa, and were significant at the 0.05 level in Central Africa. Results indicate that the larger the SOI (La Niña phenomenon becoming more obvious), the greater the annual precipitation may be, which will cause more flood disasters. Ward examined anomalies in flood risk between ENSO phases, and these anomalies reached statistical significance in river basins covering almost twothirds of the Earth's surface, showing that particularly strong anomalies exist in southern Africa and parts of western Africa in EI Niño years. In the Nile basins, including most North and East African countries, floods largely depend on the Blue Nile hydrology which is controlled by rainfall on the Ethiopian plateaus and is linked to the Southern Oscillation. When SOI is strongly positive, a large low-pressure system is centred on the Arabian Sea and heavy rains fall on the Ethiopian highlands. Conversely, when the SOI is strongly negative (an El Niño event), the low-pressure system is weakened or displaced to the east, and the summer monsoon rains are below normal. The inter-annual variability of the mortality rate per 10 million people can reflect the intensity of flood disasters to a certain extent. As shown in Fig. 3 , there are large-scale floods in East, Southern, Central, and North Africa during 1997 and 2001. The catastrophic flood in Somalia in 1997 killed 2311 people and affected another 1,230,000, which accounted for about 18 % of the total population. Birkett pointed out that due to the influence of a strong El Niño event in 1997, equatorial easterlies were enhanced on the east coast of the Indian Ocean. This resulted in rapid cooling near the island of Sumatra acting Fig. 3 Inter-annual variation of mortality rate per 10 million people: 1990-2014 together with other weather events, while warming still continued on the West Coast, which would strengthen West-to-East gas water vapour transmission and cause abnormally heavy rainfall in the East African and West Indian Ocean (Birkett et al. 1999) . International aid organisations said that this climate anomaly in late 1997 led to a flood disaster in coastal areas of Somalia. In 2000, continuous heavy rainfall occurred due to a typhoon in Mozambique and a serious flood emerged as the largest flood in the past 50 years. People affected accounted for about 27 % of the total population, and the death toll and economic losses were large (Christie and Hanlon 2001) . A large-scale flood disaster occurred in 2001 in Chad, resulting in 100 deaths, which was the largest death toll due to flooding since 1990. There was also a larger flood in 2001 in Algeria, resulting in 921 deaths and a loss of $ 300 million (USD). In 2012, a severe flood occurred in Nigeria, due to the combined effects of strong precipitation and flood water released from upstream countries, resulting in about 400 deaths and economic losses of $ 500 million (USD) (Agada and Nirupama 2015) .
Due to the seasonal distribution of precipitations in different regions and seasonal fluctuations of ENSO, when the latter coincides with a regional rainy season, it may enhance precipitation and increase the flood frequency and intensity. On the contrary, if the latter coincides with a lower rainfall season, its influence on flood disasters is weaker. These can reasonably explain inter-annual differences of flood disaster frequencies and intensities in El Niño (La Niña) years.
Spatial variations in flood disasters and the influencing factors
Based on flood disaster records for 1990-2014, spatial distribution maps of annual average flood disaster frequency, deaths, affected people, and losses of African countries were drawn (Fig. 4) . Ethiopia, Kenya, Somalia, and Tanzania in East Africa, Nigeria in Western Africa, and Libya, Sudan in Northern Africa are flood-prone countries. Ethiopia, Sudan, and Nigeria are located in the Blue Nile basin, Nile, and Niger River flood zones, respectively, and Somalia and Kenya are affected by coastal monsoons from the Indian Ocean. Flood-prone areas are consistent with the spatial distribution of deaths. There are many lakes in the East African Plateau, such as Victoria Nyanza, Lakes Tanganyika, Edward, and Albert. The precipitation and population densities around Victoria Nyanza are larger, especially in its western and northern parts. Di et al. studied the relationship between flood disaster intensities and flood zones, population growth and economic development in Africa, showing that the high concentrations of people, fast population growth, and disordered urbanisation in flood zones are highly correlated with flood mortality, which are main factors that affect the risk of death in Africa (Di et al. 2010) . Annual average affected numbers of people and losses are mainly concentrated in the eastern region, and economic losses are larger in more developed countries, such as South Africa and Libya. Due to poverty levels in Central and East African countries being greater than in other regions, the economic losses in these areas are less though they occur with an apparently higher annual average frequency (Stein 2010) .
To study factors influencing spatial distribution disparities of flood disaster situations in Africa, Pearson correlation analysis between flood disaster elements and other natural, social, and economic factors was chosen: results are shown in Table 2 . The limitations in the interpretation of the spatial differences of flood disaster elements and unobvious correlations meant that precipitation and reservoir capacity were not included in Table 2 . The results showed that annual average frequencies of flood disaster are influenced by runoff, forest cover rate, per capita GDP, population, and urbanisation rate. The annual average Nat Hazards (2016) 82:721-731 727 number of deaths is related to population and the annual average frequency of flood disasters. For one thing, frequency and intensity determine flood disaster deaths in a fundamental manner. For another, the more people a country has, the larger its population exposure to flood disaster is. Losses and people affected are significantly correlated with flood disaster frequencies and population. Runoff is a direct hazard factor causing floods and is comprehensively affected by climatic factors, such as precipitation, temperature, and evaporation (Song et al. 2015) . Owing to being significantly positively related to runoff, the forest coverage rate shows a significant positive correlation with the occurrence frequency of flood disasters. Regional differences in the flood disaster situation in Africa are mainly determined by flood disaster frequency, which is positively correlated with losses, the number of deaths, and people affected. Per capita GDP and urbanisation rate are the most commonly used indicators to reflect the level of socio-economic developments. They both show significant negative correlations with flood frequency, indicating that flood control and reduction abilities may be stronger in economically developed, and highly urbanised, areas. In these areas, populations may be relatively concentrated in urban districts with improved infrastructures, and rural and other underdeveloped areas have relatively small populations, which thereby can reduce the degree of exposure and vulnerability to flood disaster. Rapid population growth generally increases population loads and may enhance vulnerability to flood disasters in African countries. Therefore, population is significantly positively correlated with losses, the number of deaths and people affected by floods.
Conclusions
Monthly variations of flood disasters in most regions, except North Africa, were consistent with that of monthly precipitation changes. Due to the effects of global scale climate change and general circulation anomalies, annual frequencies of flood disaster exhibited fluctuating upward trends in Africa and its regions from 1990 to 2014 and were positively correlated with SOI. Besides, peaks appeared with good agreement with ENSO interannual variations.
In terms of spatial distributions, Ethiopia, Kenya, Somalia, and Tanzania in East Africa, Nigeria in Western Africa, and Libya and Sudan in Northern Africa are flood-prone countries. The number of people affected and losses are mainly concentrated in the eastern region, and economic losses are larger in more developed countries, such as South Africa and Libya.
Regional differences in the rate of flood disaster occurrence are significantly correlated with runoff, the forest coverage rate, GDP per capita, population, and urbanisation rates in Africa. The numbers of death and people affected are mainly influenced by flood occurrences and population, while disaster losses are positively related to flood occurrence, the death toll, number of people affected, and population.
With continuous improvement in socio-economic status, the vulnerability of African countries to flood disasters will be reduced. However, due to global climate change and anomalies, annual frequencies of flood disasters may rise and result in increasing exposure to these risks. So flood disasters will still be an important risk factor affecting human health in Africa in the long term. In addition, many insect-borne infectious diseases and intestinal infectious diseases are prevalent in Africa, and frequent flood disasters may be accompanied by infectious diseases. Therefore, further study of the relationship between flooding and epidemics of infectious diseases in Africa is deemed worthwhile.
